Diclofenac sodium is often used drug with a strong anti-inflammatory, analgesic and antipyretic effect, belonging to NSAID. Diclofenac sodium was detected on plates precoated with silica gel 60F 254 . Nineteen new visualizing (known as dyes) namely: brilliant cresyl blue, malachite green, alkaline blue, methylene blue, methylene violet, Janus blue, bromophenol blue, brilliant green, methyl green, methyl red, bromocresol green, bromothymol green, gentian violet, crystalline violet, aniline blue, neutral red, titan yellow, thymol blue, bromothymol blue were used to detected diclofenac sodium. Rhodamine B and fuchsine were used as comparative visualizing reagents for detection of diclofenac sodium. Among all studied new visualizing reagents, brilliant-cresol blue, malachite green and titan yellow are the best to detect diclofenac sodium. Similar detection and quantitative limit values of diclofenac sodium were obtained without using visualizing reagent and after detection using the following reagents: fuchsin, alkaline blue, Janus blue, methylene blue, aniline blue, and crystal violet. The colored spots and spectrodensitograms of diclofenac sodium obtained after the use of individual visualizing reagents can be an additional parameter in studying its identity.
Substances for pharmaceutical purposes and medicinal products that are found on the market must ensure the suitable quality which guarantees safe use and efficacy. The substance and medicinal product must fulfill all quality criteria regarding identity, purity, active substance content and suitability. These properties are contained in specified documents, including pharmacopoeial monographs forming pharmacopoeia. To confirm the identity of therapeutic substances or excipients, tests are used that allow to clearly confirm their identity. The preferred method for testing the identity of organic compounds is infrared absorption spectrophotometry and chromatographic methods. Confirmation of identity by infrared absorption spectrophotometry is based on comparing the spectra of the test and reference substances performed under the same conditions or comparison of the spectra of the test substance with the reference spectrum Ph. Eur. this substance. The high performance liquid chromatography (HPLC), thin layer chromatography (TLC) and gas chromatography (GC) methods are the most commonly used chromatographic methods, however, the HPLC method is preferred. Identity confirmation is obtained by comparing the retention times or retardation factors (TLC) of the examined substance and the reference substance in chromatographic methods. In addition, physicochemical properties are recommended to confirm identity.
The currently most important fields of application of thin-layer chromatography are pharmacy, environmental analysis, biochemistry, food analysis, clinical, and forensic chemistry. Many samples can be analyzed simultaneously and quickly at relatively low cost, and multiple separation techniques and detection procedures can be applied using TLC.
Diclofenac sodium ( Fig. 1 ) is often used drug with a strong anti-inflammatory, analgesic and antipyretic effect, belonging to NSAID (1).
Detection of diclofenac sodium on a thin layer is most often carried out in UV light without the use of visualizing reagent (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) .
In earlier our papers, we described many alkacymetric, and redoxymetric indicators as new visu-alizing reagents for the detection of quinoline, isoquinoline, selected methylquinolines (14) , fatty derivatives (15) , aromatic carboxylic acids (16) , unsaturated fatty acids (17) , cholesterol derivatives (18), esters of higher fatty acids (19) , phenolic drugs (20, 21) , short-chain fatty acids (from ethanoic to octanoic) (22) , aliphatic compounds (stearic acid, stearyl alcohol, methyl stearate) (23), estradiol (24) , salicylanide (25) , (±)-α-tocopherol and (+)-α -tocopherol acetate (26) , ibuprofen (27) , salicylic acid and acetylsalicylic acid (28) . Among the studied phenolic drugs investigated on silica gel 60, the most sensitive detections were obtained for: pyrocatechine with alkaline blue (0.3 µg), brilliant green (1 µg); pentazocine with aniline blue (0.5 µg); norepinephrine with bromothymol blue (0.6 µg); niclosamide and salicylanilide with brilliant green (0.8 µg); methyldopa with aqueous solution of bromocresol green (1.2 µg) (20) . The best visualizing reagents for the quantitative determination of stearic acid are methylene blue (0.07 µg) and Janus blue (0.12 µg) (23) . While the best visualizing reagents for the quantitative determination of stearyl alcohol are malachite green (0.32 µg) and Janus blue (0.32 µg) (23) . The best visualizing reagents for the quantitative determination of methyl stearate are methylene blue (0.98 µg), Janus blue (0.59 µg), and malachite green (0.98 µg) (23) . For the the quantitative research of estradiol investigated on neutral aluminum oxide 60F 254 and 150F 254 , relatively good properties had gentian violet and methylene violet (24) .
The best visualizing effect on salicylanilide with the use of brilliant green as a visualizing reagent was obtained on glass plates precoated with 0.50 mm layer of silica gel 60 F 254 (25) .
Among all studied new visualizing reagents, methylene violet and methyl green are the best to detect (±)-α -tocopherol. The densitometric limit of detection of (±)-α-tocopherol after the use of meth-ylene violet and methyl green is equal to 0.30 µg (26) . Whereas, among all studied new visualizing reagents, gentian violet, methyl green, and Janus blue are the best for detection (+)-α-tocopherol acetate. The densitometric limit of detection of (+)α -tocopherol acetate is equal to 0.75 µg (26) . The densitometric limit of the detection of ibuprofen after detection with methylene violet is equal to 1.25 µg (27) .
We decided to examine a series of dyes as visualizing reagents for their ability to detect diclofenac sodium on silica gel plates. This work also concerns the confirmation of the significance of the applied visualizing reagents to the examination of identity of diclofenac sodium on a thin layer.
EXPERIMENTAL

Thin layer chromatography
Thin-layer chromatography was performed on 10 cm × 20 cm aluminum plate precoated with 0.20 mm layers of silica gel 60F 254 (1.05570, E. Merck). The plates before use were activated at 120 O C for 30 min. Standard solutions of diclofenac sodium (European Pharmacopeia Reference Standard, Sigma-Aldrich) containing 20, 18, 16 14, 12, 10, 8, 6, 4, 2, 1 and 0.5 mg were prepared in 5 mL methanol. The solutions of diclofenac sodium (5 µL) were spotted, using a microcapillary (Camag, Switzerland), onto the chromatographic plates. Plates were developed with a mixture of cyclohexane-chloroform-methanol-glacial acetic acid (12 : 6 : 1 : 1, v/v) as the mobile phase. Fifty mL mobile phase was placed in a classical chromatographic chamber and, after saturation of the chamber with mobile phase vapor for 40 min, the plates were developed vertically, at room temperature, to a distance of 7.5 cm. The plates were then dried for 24 h at room temperature in a fume cupboard.
Visualizing reagents
Fuchsine (Serva), Rhodamine B (POCh, Poland), malachite green (POCh, Gliwice), alkaline blue (Merck, Germany), methylene blue (POCh, Gliwice), Janus blue (Michrom, England), methyl green (POCh, Gliwice), gentian violet (Fluka, Switzerland), aniline blue, neutral red, brilliant cresyl blue, methylene violet (Michrom, England), brilliant green (POCh, Gliwice), bromothymol green (POCh, Gliwice), titan yellow were used as 250 mg/500 mL solutions in distilled water.
Bromophenol blue, thymol blue, bromothymol blue, methyl red and bromocresol blue were used as 100 mg/200 mL solutions in a 2% aqueous sodium hydroxide solution. Bromophenol blue was prepared directly before use.
The dried plates were dipped in particular visualizing reagent solutions for 5 sec. Then, after dipping in a solution of visualizing reagents, they were dried for 24 h at room temperature.
Spectrodensitometric analysis
A spectrum scan was recorded using a Camag Scanner TLC 3 operated in absorbance mode and controlled by WinCATS 1.4.2 software. The radiation sources were a deuterium lamp emitting a continuous UV spectrum between 190 and 450 nm and a tungsten lamp emitting a spectrum between 370 and 800 nm. The start wavelength was 200 nm and the end wavelength was 800 nm. The slit dimensions were 10.00 × 0.40 mm, Macro; the optimized optical system was resolution; the scanning speed was 20 nm s -1 ; the data resolution was 1 nm step -1 ; the measurement type was remission; and the measurement mode was absorption; the optical filter was second order.
Densitometric analysis
Densitometric scanning was then performed at the respective absorption maximum. The slit dimensions were 10.00 × 0.40 mm, Macro; the optimized optical system was light; the scanning speed was 20 mm s -1 ; the data resolution was 100 mm step -1 ; the measurement type was remission; the measurement mode was absorption; the optical filter was second order. Each track was scanned three times and baseline correction (lowest slope) was used.
Determination the limit of detection (LOD) and quantification (LOQ)
Of many suggestions which have been made for calculating a limit of detection and a limit of quantification, the procedure described in ICH guideline (International Conference on Harmonisation) (29) and that reported by Konieczka and coworkers (30) were used in this study.
Accordance with ICH guideline, the detection limit (LOD) and quantification (LOQ) of examined diclofenac sodium have been evaluated in this work on the basis of the standard deviation of response and slope of special calibration plot of the studied analyte. The calibration data were plotted as the spot areas (y-axis) of diclofenac sodium against its amount applied in the form of spots (x-axis). Taking into account the suggestion performed in Konieczka report (30) , in order to obtain reliable LODs and LOQs of diclofenac sodium by applied TLC-densitometry, the correctness of concentration range of sample solutions used to prepare required calibration plots has been checked (Eqs. 1 and 2): 10 ◊ LOD > C (1) LOD < C (2) where: C ñ concentration of analyzed substance in sample solution, LOD ñ limit of detection.
To calculate the limit of detection and quantification (LOD and LOQ) of diclofenac sodium the following equations were applied (30):
3.3 × σ LOD = ññññññññ (3) S and 10 × σ LOD = ññññññññ (4) S where: S ñ is the slope of calibration curve and σ ñ is the standard deviation of response.
The standard deviation of response (σ) was assessed using a standard deviation of intercept of special calibration plot (σ a ) and also using residual standard deviation of calibration plot (σ xy ).
On the basis of obtained LOD and LOQ results, the average value of these parameters was determined.
Linear regression was performed with the use of Statistica v 10.0 PL (StatSoft, Poland).
RESULTS AND DISCUSSION
Diclofenac sodium was detected on plates precoated with silica gel 60F 254 . The R F of diclofenac sodium was 0.40 ± 0.02. Nineteen new visualizing (known as dyes) namely:brilliant cresyl blue, malachite green, alkaline blue, methylene blue, methylene violet, Janus blue, bromophenol blue, brilliant green, methyl green, methyl red, bromocresol green, bromothymol green, gentian violet, crystalline violet, aniline blue, neutral red, titan yellow, thymol blue, bromothymol blue were used to detected diclofenac sodium. Rhodamine B and fuchsine were used as comparative visualizing reagents for detection of diclofenac sodium. Without the use of visualizing reagents and by means of all visualizing reagents it was possible to detect the diclofenac sodium investigated in the amount of 10 mg. The colors of chromatographic spots and background colors without using of a visualizing reagent and after diclofenac sodium detection with visualizing reagents on silica gel 60F 254 are presented in Table 1 . All obtained chromatographic spots of diclofenac sodium after application of particular visualizing reagents were durability and visible for over 24 hours. The colored spots of diclofenac sodium obtained after the use of particular visualizing reagents can be an additional parameter in the study of its identity.
It was found that the use of neutral red, bromothymol blue, bromocresol green, thymol blue, and methyl red caused blurring of chromatographic bands of diclofenac sodium. As a result, several densitometric bands with a wide base and a large angle were created.
Therefore, further studies were performed using the remaining visualizing reagents. The characteristics of densitometric bands and the spectrodensitograms of 10 µg diclofenac sodium using the remaining visualizing reagents are presented in Table 2 . It was found that the most compact chromatographic bands of sodium diclofenac (the smallest value of the angle α) are obtained after the use of the following visualizing reagents: brilliant green, aniline blue, brilliant cresyl blue, fuchsine, malachite green, bromophenol blue, titan yellow and methyl green.
General differences are observed in the band intensities [AU] of the diclofenac sodium using above mentioned visualizing reagents. The obtained spectrodensitograms of the diclofenac sodium indicate that applied visualizing reagents influence on the wavelength of the obtained fundamental absorption band (λ max ) and the additional absorption bands, as well as on their intensity values [AU]. The spectra of diclofenac sodium are different depending on the use of visualizing reagent. The fundamental band occurs at 200 nm without the use of visualizing reagents and two additional bands occur at 278 nm and 388 nm. The basic band had values in the range from 200 nm to 202 nm after the use of visualizing reagents. One additional absorption band is present when bromophenol blue is used. After using fuchsine, methylene blue, brilliant green, and methyl green, two additional bands were observed. After using malachite green, alkaline blue, Janus blue, methylene violet, titan yellow, and aniline blue, three additional bands were observed. After using brilliant cresyl blue, crystalline violet, gentian violet and Rhodamine B as visualizing reagent, four additional absorption bands were observed. As a result of that, the comparison of the diclofenac sodium spectra from the drug and its standard after the use of the appropriate visualizing reagents can be the basis for additional identification of diclofenac sodium. For example, the spectra of diclofenac sodium can be compared without the use of visualizing reagent and after using, for example, the following visualizing reagents: brilliant cresyl blue, rhodamine B, aniline blue (Figs. 2-5 ). The limits of detection and the limits of quantification of diclofenac sodium with the use of the best visualizing reagents are shown in Table 3 . When using malachite green as the visualizing reagent, the smallest detection limit value of diclofenac sodium was obtained and equaled 0.112 µg/spot. When using brilliant cresyl blue and titan yellow, good detection limit values of diclofenac sodium were also obtained and were equal to 0.134 µg/spot and 0.174 µg/spot, respectively. The limit of detection of diclofenac sodium was 0.280 µg/spot without the use of visualizing reagent. Limits of detection of diclofenac sodium close to the limit of detection without using the visualizing reagent were obtained using methylene blue (0.244 µg/spot), Janus blue (0.246 µg/spot), alkaline blue (0.255 µg/spot), crystalline violet (0.266 µg/spot) and aniline blue (0.267 µg/spot). Methylene violet, fuchsine, bromophenol blue, brilliant green, gentian violet, rhodamine B and methylene green are reagents for which the value of the limit of detection of diclofenac sodium was above the value without the use of visualizing reagent. The limits of detection were from 0.290 µg/spot to 0.447 µg/spot for these visualizing reagents. Hence, brilliant cresyl blue, malachite green and titan yellow have the best identification properties for diclofenac sodium.
Linearity ranges and correlation coefficients of the obtained linearity ranges without the use of the visualizing reagent and after detection with individual visualizing reagents are also presented in Table 3 . The linear range was obtained in the widest range of diclofenac sodium after applying Janus blue and methyl green. Linearity is a feature that indicates proportionality of a signalís dependence on the determined value and it may be, for a given range, described by several equations depending on the level of analyte concentration. Therefore two linear ranges for diclofenac sodium were obtained after using the majority of examined visualizing reagents.
Counterfeit medicines are a growing problem. Not only in Asia and Africa, but also in European countries and, unfortunately, in Poland (31) (32) (33) . About 50 percent of medicines bought online are fake. The dietary supplements are mainly counterfeited, including analgesic drugs. In many cases, counterfeits are formed, for example, from ground chalk or other long-term medicines. They are not a subject for any quality systems, they can be toxic and very harmful to health. Distinguishing them from the originals is very difficult, especially since counterfeiters are very precise in the falsification of blisters, holograms and pressings on tablets. An important part of the TLC analysis is the quantitative and qualitative interpretation of the chromatogram. It is often assumed that substances having the same retardation factor R F (the size characteristic for a given substance) are identical. However, this is not a completely correct statement. This simplification applies when we have reference substances. Therefore, additional elements of the identity study gain importance by comparing the R F values, colored spots, and spectrodensitograms of the drug and its standard. Therefore, the proposed visualizing reagents are gaining importance in the identity study of the drug which is diclofenac sodium.
CONCLUSIONS
Among all studied new visualizing reagents, brilliant-cresol blue, malachite green and titan yellow are the best to detect diclofenac sodium.
Similar detection and quantitative limit values of diclofenac sodium were obtained without using visualizing reagent and after detection using the following reagents: fuchsin, alkaline blue, Janus blue, methylene blue, aniline blue, and crystal violet.
The colored spots and spectrodensitograms of diclofenac sodium obtained after the use of individual visualizing reagents can be an additional parameter in studying its identity. Table 3 . Average values of limit of detection and limit of quantification and linearity range on silica gel 60F 254 without using visualizing reagent and after using the best visualizing reagents. 
Average value of limit of
